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INTRODUCTION 


This  supplemental  material  completes  Reclamation's  initial  attempt  to  summarize 
available  information  regarding  drainage  options  that  have  been  developed  by  the 
San  Joaquin  Valley  Drainage  Program,  Westlands  Water  District,  and  other 
agencies  and  researchers.  Options  fall  into  the  general  categories  of  source 
control,  treatment,  and  disposal,  and  are  components  of  an  overall  drainage  plan 
for  the  San  Luis  Unit  (SLU).  Each  option  was  evaluated  using  Federal  principles 
and  guidelines  criteria.  It  should  be  noted  that  this  initial  summary  was  prepared 
using  readily  available  information;  therefore,  descriptions  of  individual  options 
may  not  be  complete  or  directly  comparable.  Nonetheless,  they  represent  our 
current  knowledge  regarding  the  various  drainage  options.  These  option 
summaries  will  be  used  to  formulate  preliminary  alternative  drainage  plans  for  the 
SLU  that  will  be  evaluated  in  more  detail  in  the  next  phase  of  the  San  Luis  Unit 
Drainage  Program. 

The  packet  contains  the  following  materials: 

•  Definitions 

•  Summary  matrix 

•  Options  "white  papers" 

•  Bibliography 

DEFINITIONS 

To  facilitate  comparison,  we  have  described  each  drainage  option  with  respect  to 
its  completeness,  effectiveness,  efficiency,  and  acceptability.  The  definitions  of 
these  criteria  are  provided  for  reference. 

SUMMARY  MATRIX 

The  summary  matrix  is  a  consolidation  of  the  key  ideas  and  information  presented 
in  the  white  papers.  It  helps  to  identify  similarities  and  differences  among  the 
drainage  options  and  is  intended  to  provide  a  springboard  for  formulation  of  alter- 
native plans. 

OPTIONS  WHITE  PAPERS 

A  short  report,  or  white  paper,  is  being  prepared  for  each  of  30  drainage  options 
that  could  be  included  in  alternatives  formulation.  The  list  is  not  final  and  can  be 
expanded  to  include  additional  options  if  reasonable  and  productive. 


The  white  papers  present  a  description  of  each  option  and  our  initial  assessment 
with  respect  to  the  four  criteria  mentioned  above  (see  Definitions).  This  packet 
contains  9  white  papers;  19  are  presented  in  a  separately  bound  document,  and  2 
options  have  been  omitted. 

In  preparing  the  white  papers,  we  discovered  that  complete  and  comparable  cost 
information  is  generally  not  available.  This  is  regarded  as  a  critical  shortcoming 
that  must  be  addressed  as  soon  as  possible.  Nonetheless,  available  information 
has  been  presented  in  various  forms,  for  general  reference^ 

It  is  suggested  that  the  reader  view  the  white  papers  as  part  of  a  process  rather 
than  as  end  products.  They  are  intended  primarily  to  spark  ideas  and  generate 
discussion  at  the  workshop. 

BIBLIOGRAPHY 

Documents  used  in  preparing  the  white  papers  are  listed,  and  a  matrix  is  provided 
identifying  whether  documents  were  used  as  specific  or  general  references. 


DEFINITIONS 


The  following  definitions  are  being  used  to  describe  the  various  drainage  options 
and  to  facilitate  comparison  of  the  options  and  formulation  of  alternative  plans. 
The  definitions  are  based  on  those  presented  in  "Economic  and  Environmental 
Principles  and  Guidelines  for  Water  and  Related  Land  Resources  Implementation 
Studies"  (principles  and  guidelines,  or  P&G);  however,  the^  have  been  modified 
somewhat.  This  is  because  the  P&G  definitions  are  intended  to  apply  to  alterna- 
tive plans  and  not  plan  components  which,  in  this  case,  are  being  called  options. 

COMPLETENESS 

Completeness  is  the  measure  of  how  dependent  an  option  is  on  other  options  for 
achieving  some  degree  of  solution  to  the  drainage  problem.  An  option  is  com- 
plete if  it  alone  contributes  to  a  solution,  either  partially  or  fully.  Conversely,  an 
option  is  incomplete  if  it  must  be  implemented  with  another  option  to  contribute 
to  a  solution. 

For  example,  river  discharge  is  a  complete  option  because  it  can  be  used  for  dis- 
posal of  some  amount  of  drainwater  without  being  combined  with  treatment  or 
source  control  options.  Its  effectiveness  could  be  enhanced  by  but  does  not  de- 
pend on  treatment  or  source  control.  Landfill,  on  the  other  hand,  is  incomplete 
because  it  must  be  combined  with  treatment  to  separate  water  from  disposable 
salts. 

Facilities  common  to  all  alternatives,  such  as  tile  drains  and  collectors,  are  not 
included  in  the  evaluation  of  completeness. 

EFFECTIVENESS 

Effectiveness  is  the  measure  of  an  option's  capacity  to  completely  solve  the  drain- 
age problem.  For  purposes  of  comparison,  the  problem  is  defined  by  previous 
projections  of  ultimate  drainwater  flows,  which  are  in  the  vicinity  of  150,000  acre- 
feet  per  year  of  drainwater  with  TDS  of  4,900  mg/1  and  a  mass  load  of  about  1 
million  tons. 

The  capacity  of  an  option  is  measured  with  respect  to  either  tons  of  salt  or 
volume  of  drainwater  handled.  An  option  can  be  effective  by  either  handling  all 
or  a  portion  of  the  drainage  .problem  or  by  reducing  the  magnitude  of  the  prob- 
lem. 


EFFICIENCY 

Efficiency  is  the  extent  to  which  an  option  is  the  most  cost-effective  means  of 
accomplishing  its  function. 

ACCEPTABILITY 

Acceptability  is  the  extent  to  which  an  option  will  be  accepted  by  the  public  and 
meet  the  requirements  of  existing  legal  and  regulatory  institutions. 
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DRAINWATER  DISPOSAL 


Option  7 
SAN  JOAQUIN  DELTA  DISCHARGE 


SAN  JOAQUIN  DELTA  DISCHARGE 

DESCRIPTION 

San  Joaquin  Delta  discharge  is  a  disposal  option  that  disposes  of  sahs  and  trace 
constituents  from  agricultural  drainage  in  the  San  Joaquin  Delta.  The  salts  and 
trace  constituents  would  be  dissolved  in  either  treated  or  untreated  drainwater. 

Concentrations  of  contaminants  are  reduced  to  acceptable, jevels  by  mixing  with 
Delta  water.  A  properly  designed  outfall  (and  possibly  a  diffuser)  works  with  the 
river  and  tidal  currents  to  provide  the  necessary  mixing  mechanism. 

Major  features  of  a  Delta  discharge  system  would  be  a  canal  or  pipeline  for 
conveying  drainwater  from  the  San  Luis  Unit  (SLU)  to  the  Delta,  regulating 
storage  to  control  the  timing  of  discharges,  and  possibly  a  diffuser  to  control 
concentrations  of  contaminants  in  Delta  waters.  A  conceptual  plan  for  a  valley- 
wide  Delta  discharge  system  was  presented  by  the  San  Joaquin  Valley  Interagency 
Drainage  Program  (IDP)  in  1979.  It  included  a  lined  drainage  canal  beginning 
near  Bakersfield,  running  northwestwardly  along  the  valley  trough  to  a  discharge 
point  at  the  confluence  of  the  Sacramento  and  San  Joaquin  Rivers  near  Chipps 
Island,  approximately  4  miles  west  of  Pittsburg.  Wetland  marshes  together  with 
special  regulating  reservoirs  would  store  summer  drainwater  flows  for  discharge  to 
Delta  waters  during  periods  of  high  flow,  primarily  in  winter  and  early  spring 
months.  The  SLU  would  be  served  by  approximately  17,000  acres  of  wetlands 
and  ponds  in  the  Mendota  area.  This  plan  was,  of  course,  developed  prior  to 
findings  of  selenium  toxicity  at  Kesterson  Reservoir  in  1984.  K  reformulated 
today,  the  storage  function  would  probably  still  be  required,  but  might  have  to  be 
accomplished  without  the  use  of  marshes  and  surface  impoundments.  A  suitable 
alternative  might  be  the  use  of  controlled  drainage  to  achieve  in-field  drainwater 
storage.  Alternatively,  drainwater  treatment  for  selenium  removal  might  make 
surface  impoundments  feasible. 

COMPLETENESS 

San  Joaquin  Delta  discharge  is  complete  in  that  it  could  be  implemented  by  itself. 
However,  as  described  above,  disposal  opportunities  might  be  enhanced  by 
combining  Delta  discharge  with  controlled  drainage  or  treatment. 
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EFFECTIVENESS 
Capacity 

The  1979  IDP  planned  discharge  site  near  Chipps  Island  was  strategically  selected 
to  achieve  maximum  mixing  and  dilution  of  drainwater  with  Delta  outflow  water. 
At  that  time,  the  disposal  capacity  was  judged  to  be  adequate  to  handle  the 
ultimate  drainwater  flow  of  the  majority  of  the  San  Joaquin  Valley,  estimated  to 
be  668,000  acre-feet  annually  by  2085,  with  a  salt  load  of  3.9  million  tons  (IDP, 
1979).  This  conclusion  was  based  on  detailed  numericat  modeling,  including 
verification  with  the  U.S.  Army  Corps  of  Engineers  physical  model  in  Sausalito. 
Chipps  Island  was  selected  as  the  easternmost  and  therefore  most  economical 
discharge  point  that  would  ensure  protection  of  Delta  waters  against  adverse 
impacts. 

These  studies  would  need  to  be  updated  with  respect  to  selenium  and  other 
potentially  toxic  trace  constituents;  however,  it  is  considered  Ukely  that  the 
capacity  of  Delta  discharge  would  be  able  to  handle  drainwater  flows  from  the 
SLU  if  not  the  entire  valley. 

Stage  of  Development 

Delta  discharge  is  an  available  technology. 

Required  Study 

Study  is  required  in  the  following  areas  to  better  understand  the  opportunities  and 
constraints  relative  to  Delta  discharge: 

•  Determination  of  the  Delta's  assimilative  capacity  considering 
applicable  water  quality  objectives  and  criteria,  with  respect  to  all 
constituents  of  concern 

•  Identification  of  potential  treatment  needs  to  meet  water  quality 
objectives 

•  Operation  studies  to  determine  required  storage  capacity  to  minimize 
water  quality  impacts 

•  Related  studies  of  controlled  drainage  to  determine  potential  for  in- 
field storage 
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EFFICIENCY 

Costs 

As  part  of  its  study,  the  IDP  prepared  cost  estimates  for  four  Delta  discharge 
locations.  Annual  equivalent  costs  for  the  Chipps  island  option  were  the  highest 
at  $33.4  million  dollars,  including  capital,  operation,  maintenance,  replacement, 
and  power  costs.  These  are  assumed  to  be  indexed  to  1979.  Escalated  to  1989 
cost  levels  and  expressed  with  respect  to  disposal  capacity,  costs  are  estimated  to 
be  $75  per  acre-foot  of  drainwater  disposed.  Costs  for  an  StU-only  system  would 
be  higher  due  to  its  smaller  scale  compared  to  the  IDP  valley-wide  system.  These 
costs  do  not  include  potential  treatment  costs  or  incremental  costs  that  could  be 
incurred  for  alternatives  to  surface  storage  facilities. 

Sensitivity 

The  costs  described  above  are  most  sensitive  to  potential  treatment  requirements 
to  satisfy  water  quality  considerations. 


ACCEPTABILITY 

Public  Acceptance 

Environmental  organizations  and  Bay  Area  interests  are  strongly  opposed  to  Delta 
discharge,  despite  technical  studies  that  show  that  proper  design  and  management 
can  reduce  water  quality  impacts  to  less  than  significant  levels.  Strong,  emotional 
opposition  can  be  expected  relative  to  any  plan  for  Delta  discharge. 

Institutional  Compatibility 

The  State  Water  Resources  Control  Board  is  currently  conducting  the  Bay-Delta 
hearings  to  receive  information  to  be  considered  in  updating  Delta  water  quality 
objectives.  Once  adopted  by  the  RWQCB,  these  objectives  will  become  the  basis 
for  preparing  discharge  requirements  to  be  met  by  Delta  dischargers. 

Environmental  Impacts  and  Other  Issues 

Degradation  of  Delta  water  quality  is  the  most  important  potential  impact  of 
Delta  discharge.  Associated  concerns  would  be  addressed  through  the  discharge 
permitting  process  with  the  RWQCB. 
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The  IDP  plan  included  provisions  for  interceptor  drains  to  be  installed  downslope 
from  and  parallel  to  the  drainage  canal  to  intercept  seepage  in  order  to  avoid 
degrading  groundwater. 

REFERENCES 

San  Joaquin  Valley  Interagency  Drainage  Program,  1979.  Agricultural  Drainage 
and  Salt  Management  in  the  San  Joaquin  Valley.    June  1979. 
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DRAINWATER  TREATMENT 
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Biological  Processes 


Option  9 
ANAEROBIC  -  BACTERIAL 


ANAEROBIC  -  BACTERIAL 

DESCRIPTION 

Anaerobic-bacterial  is  a  biological  treatment  process,  similar  to  the  micro- 
algal-bacterial  and  percolation  pond  processes  in  its  fundamental  mechanism.  It 
involves  several  steps,  the  primary  one  using  microbial  processes  that  incorporate 
selenium  into  a  solid  sludge. 

The  entire  process  is  contained  in  compact  chemical  processing  equipment  with  an 
aggregate  residence  time  of  a  few  hours  or  less.  In  the  first  step  of  the  process, 
drainwater  enters  a  sludge  blanket  reactor  where  methanol  is  added  to  support 
denitrifying  bacteria.  A  large  fraction  of  the  nitrate  and  some  selenium  are 
removed  from  the  water  during  this  step  as  the  selenium  is  incorporated  in  the 
sludge  particles. 

Next,  the  water  enters  two  or  more  tluidized  columns  with  partial  recirculation. 
The  fluidized  columns  remove  most  of  the  remaining  nitrate  and  more  selenium 
from  the  water.  The  water  then  passes  through  a  proprietary  cross-flow  filtration 
unit  that  removes  particulate  material  carried  over  from  the  biological  treatment 
units. 

Finally,  the  water  passes  through  an  ion  exchange  subsystem,  which  decreases  the 
concentration  of  selenium  to  less  than  10  parts  per  billion  (ppb)  and  removes  90 
percent  of  the  boron  as  well.  The  process  has  also  been  tested  in  an  alternative 
configuration,  with  a  soil  bed  providing  the  final  polishing  in  place  of  the  ion 
exchange  system.  The  soil  bed  reduces  selenium  to  less  than  10  ppb,  but  does  not 
remove  boron. 

Supporting  equipment  includes  pumps  for  water  and  methanol,  a  water  surge  tank, 
methanol  storage  tanks,  a  system  for  precoating  the  filter,  and  a  system  for 
regenerating  the  ion  exchange  resin.  Bins  or  slurry  tanks  for  accumulating  the  solid 
selenium  concentrates  are  also  required. 

The  soil  bed  polishing  unit  probably  resembles  the  percolation  pond  water 
treatment  system  in  many  respects.  It  is,  however,  smaller  than  a  single-step 
percolation  pond  because  the  water  entering  the  soil  bed  contains  no  nitrate  and 
relatively  little  selenium.  Therefore,  the  supply  of  organic  matter  is  not  the  limiting 
factor,  and  a  very  high  percolation  rate  (hmited  only  by  the  permeability  of  the  soil) 
can  be  used.  A  plant  with  a  capacity  of  1  million  gallons  per  day  (mgd)  probably 
requires  a  soil  bed  of  approximately  3  to  8  acres. 
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By  far  the  major  material  inputs  are  methanol  (ca.  356  gallons  per  acre-foot)  and 
electric  power.  Other  materials  consumed  in  much  smaller  quantities  include 
soluble  salts  of  iron  or  aluminum  used  to  coat  the  filter,  ion  exchange  resin,  and 
sulfuric  acid  to  recharge  the  IX  resin. 

The  major  product  is  drainwater  with  TDS  unchanged,  but  with  concentrations  of 
nitrate  and  selenium  greatly  reduced.  Boron  would  also  be  greatly  reduced,  if  the 
ion  exchange  polishing  step  is  included. 

The  sludge  blanket  and  fluidized  bed  reactors  produce  a  solid  waste  product  that 
contains  most  of  the  selenium  removed  from  the  water,  and  consists  mostly  of 
calcium  carbonate  and  microbial  biomass.  Assuming  that  this  material  contains  300 
ppm  (dry  weight)  selenium  and  50  percent  water,  a  1-mgd  plant  would  produce 
3,050  tons  per  year.  If  a  soil  bed  is  used  for  final  polishing,  it  would  produce  a 
comparable  amount  of  sludge  or  soil  contaminated  with  selenium.  The  filtration 
unit  produces  unknown  but  probably  much  smaller  amounts  of  filtered  solids. 

If  ion  exchange  is  used  for  final  polishing,  an  acid  liquid  waste  containing  selenium 
and  boric  acid  is  produced;  some  of  the  boric  acid  can  probably  be  precipitated 
from  this  liquid  and  recovered  as  a  potentially  marketable  byproduct.  The  amount 
of  sulfuric  acid  needed  to  regenerate  the  resin  is  235  pounds  per  acre-foot  (Squires 
et  al.,  1989).  If  this  acid  is  ultimately  discharged  in  a  liquid  waste  stream 
containing  1  percent  acid,  the  amount  of  liquid  waste  from  a  1-mgd  plant  would 
amount  to  8,600  gallons  per  day. 

COMPLETENESS 

The  anaerobic-bacterial  process  is  not  complete  because  it  requires  a  method  of 
disposal  for  the  selenium-laden  sludge  and  the  saline,  low  selenium  drainwater. 
If  ion  exchange  is  used  for  final  polishing,  the  acid  liquid  waste  requires  disposal. 
The  treated  water  could  be  disposed  through  discharge  to  the  San  Joaquin  River, 
deep  well  injection,  or  other  methods.  Removal  of  the  selenium  could  increase  the 
feasibility  of  other  treatment  or  disposal  options.  For  example,  without  the  hazard 
of  selenium,  evaporation  ponds  would  not  pose  the  same  danger  to  the  food  chain, 
and  east  side  reuse  might  not  be  limited  by  boron. 

EFFECTIVENESS 

Capacity 

This  treatment  process  is  applicable  in  locations  where  drainwater  can  be  collected 
efficiently.  The  general  vicinity  of  the  cities  of  Mendata  and  Tranquillity  meets 
these  criteria. 
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Theoretically,  this  option  could  be  used  to  treat  100  percent  of  the  drainwater 
produced  in  the  San  Luis  Unit  (SLU).  There  might  be  some  practical  economic 
limit  to  the  scale  of  the  process,  but  information  on  this  topic  is  currently 
unavailable. 

Stage  of  Development 

This  process  is  considered  in  the  testing  stage;  it  has  been  successfully  tested  in  a 
small  pilot  plant.  "^ 

Binnie  and  DWR  (1988)  describe  the  last  of  a  long  series  of  tests  performed  on 
a  0.1-mgd  pilot  plant  at  Murietta  Farms.  That  report  summarizes  operating  data 
from  approximately  8  weeks  of  pilot  plant  operation,  using  a  soil  bed  for  the  final 
polishing  step.  The  pilot  plant  had  problems  during  the  first  4  weeks  of  the  test 
period;  the  biological  treatment  process  plus  filtration  decreased  selenium  in  the 
water  from  about  400  to  120  to  220  ppb,  and  the  soil  bed  decreased  selenium  to 
about  30  ppb.  The  pilot  plant  was  then  shut  down  for  cleaning  and  maintenance. 
The  biological  processes  were  restarted  with  fresh  microbial  cultures,  and  sawdust 
was  added  to  the  mineral  soil  in  the  soil  bed.  Following  this  reworking,  the 
biological  process  decreased  selenium  in  the  water  to  16  to  50  ppb,  the  filtration 
unit  decreased  selenium  to  12  to  40  ppb,  and  the  soil  bed  decreased  selenium  to 
3  to  10  ppb.  These  values  appear  to  represent  the  process  under  optimum 
conditions. 

Required  Study 

The  final  soil  bed  polishing  step  needs  to  be  tested  further  and  optimized. 
Elimination  of  the  filtration  unit  should  also  be  considered  if  the  soil  bed  is  used; 
the  soil  bed  should  provide  excellent  filtration  itself. 

EFFICIENCY 

Costs 

Cost  estimates  for  a  1-mgd  (peak  capacity)  water  treatment  plant  were  developed 
by  Squires  et  al.  (1989),  assuming  a  20-year  amortization  and  4  percent  interest 
rate.  The  estimates  in  Binnie  and  DWR  (1988)  assume  that  byproduct  boric  acid 
and  sodium  sulfate  (from  an  evaporation  pond)  could  be  sold  to  recover  part  of  the 
operating  costs;  the  numbers  quoted  below  have  been  modified  to  remove  this  very 
optimistic  assumption.  The  modified  cost  estimates  for  the  "medium  loading"  case 
are  $154  per  acre-foot  for  biological  treatment  plus  filtration,  and  $213  per 
acre-foot  for  the  full  water  treatment,  including  ion  exchange.    The  smaller  figure 
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is  a  subtotal  only;  the  unknown  cost  of  polishing  the  partially  treated  water  in  a  soil 
bed  must  be  added  to  it.  These  estimates  do  not  include  disposal  costs  for  solid 
or  liquid  waste. 

Sensitivity 

The  configuration,  size,  and  cost  of  the  soil  bed  polishing  unit  present  the  principal 
uncertainties.  Chemical  costs  for  denitrification  vary  with  nitrate  concentration  in 
the  drainwater  treated. 

ACCEPTABILITY 

Public  Acceptance 

No  problems  with  public  acceptance  are  anticipated. 

Institutional  Compatibility 

No  problems  are  anticipated. 

Environmental  Impacts  and  Other  Issues 

Impacts  to  groundwater  quality  could  result  from  operation  of  the  soil  bed  unit; 
however,  these  impacts  should  be  minor  and  easily  controlled  because  the  soil  bed 
would  be  much  smaller  than  an  evaporation  pond  of  equal  capacity. 

REFERENCES 
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Option  10 
MICROALGAL  -  BACTERIAL 


MICROALGAL  -  BACTERIAL 

DESCRIPTION 

The  microalgal-bacterial  process  is  a  biological  treatment  option.  It  is  fundamentally 
similar  to  the  anaerobic-bacterial  process  and  percolation  ponds  in  its  basic  mechanisms 
and  process  outputs. 

This  option  is  a  biological  process  wherein  the  drainwater^s  contacted  with  organic 
material  (biomass)  which  serves  as  a  substrate  for  denitrifying  bacteria.  After  nitrate  is 
completely  gone,  selenium  is  quickly  removed  by  further  microbial  action.  Boron  and 
TDS  are  practically  unaffected  by  the  process.  The  distinguishing  feature  of  this  process 
is  the  production  of  biomass  needed  to  support  de nitrification  by  growing  algae  in  a 
so-called  high  rate  pond. 

A  high  rate  pond  is  a  special  kind  of  pond  designed  to  allow  high  production  rates  of 
free-floating  algae.  The  bottom  of  the  pond  is  lined,  the  water  is  shaDow  (typically  1 
foot  deep),  and  means  are  provided  to  maintain  the  water  in  a  weakly  turbulent  state 
(average  water  velocity  ca.  0.5  feet/sec).  Keeping  the  water  in  motion  keeps  the  live  algae 
cells  in  suspension,  exposing  them  to  light  and  air,  thereby  increasing  biomass  production. 
Agitation  is  most  conveniently  provided  by  large,  slow-moving  paddle  wheels. 

Test  work  with  drainwater  at  Murietta  Farms  indicated  that  3  to  5  days  residence  time 
is  needed  to  produce  sufficient  algae  to  denitrify  the  water.  Assuming  4  days  residence 
time  and  one  foot  water  depth,  a  1-mgd  water  treatment  plant  would  require  12.3  acres 
of  high  rate  pond.  In  practice,  the  high  rate  pond  would  be  subdivided  into  two  sections. 
Section  I  would  be  provided  with  carbon  dioxide  to  keep  pH  below  8.3,  and  prevent 
precipitation  of  calcium  carbonate.  In  Section  II  the  pH  would  be  allowed  to  rise, 
resulting  in  precipitation  of  much  of  the  calcium  in  the  water  as  calcium  carbonate.  Some 
magnesium  and  a  variety  of  heavy  metals  (present  in  trace  amounts)  would  precipitate 
together  with  the  calcium. 

The  details  and  the  mass  flow  diagram  of  this  process  have  not  been  completely  defined, 
so  the  process  caimot  be  definitely  described. 

In  the  process,  single-celled  algae  is  grown  in  the  drainwater  contained  in  a  special  high 
rate  pond.  These  ponds  are  sometimes  used  to  denitrify  water  in  similar  applications. 
The  algae  produces  the  organic  matter  needed  to  reduce  nitrate  in  the  water,  allowing 
selenium  to  be  subsequently  removed.  The  algae  is  separated  from  the  water  and 
pretreated  with  heat  to  kill  the  cells,  making  it  a  suitable  substrate  for  denitrification. 
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Algae  is  also  fermented  anaerobically  to  produce  methane  and  a  strongly  reducing  sludge 
which,  when  mixed  with  the  denitrified  drainwater,  reduces  and  removes  selenium  from 
the  drainwater.  The  methane  can  be  burned  to  power  the  process.  Carbon  dioxide  from 
denitrification,  methane  fermentation,  and  combustion  of  methane  is  recycled  to  the  high 
rate  pond,  stimulating  growth  of  algae  and  inhibiting  precipitation  of  calcium  carbonate 
in  the  first  stage  of  the  pond.  The  process  involves  several  liquid-solid  separation  steps, 
and  complex  recirculation  of  various  slurries.  These  steps  are  not  completely  defined, 
and  include  mixing,  fermentation,  settling,  separation,  etc.  Reaction  times  for  the  various 
steps  are  not  accurately  defined;  however,  an  aggregate  liquid  residence  time  of  1  day 
seems  consistent  with  the  laboratory  data.  This  process  is  self-supporting  in  regard  to 
biomass  and  energy. 

This  option  produces  wastewater  containing  the  original  TDS  of  drainwater,  little  or  no 
nitrate,  and  a  much  smaller  concentration  of  selenium.  A  fraction  (typically  6  percent)  of 
the  water  will  be  lost  by  evaporation  from  the  high  rate  pond. 

Most  of  the  selenium  will  end  up  in  a  relatively  concentrated  organic  slurry  (concentration 
unknown  at  this  time),  which  will  probably  have  to  be  processed  further  or  disposed  as 
hazardous  waste.  If  the  selenium  concentrate  can  be  increased  to  100  ppm  selenium  wet 
weight,  a  1-mgd  plant  will  produce  6,100  tons  per  year. 

A  solid  product  consisting  mostly  of  calcium  carbonate  and  other  minerals  will  be 
deposited  in  Section  II  of  the  high  rate  pond,  amounting  to  5,000  tons  per  year  in  a  1-mgd 
plant.  A  large  fraction  of  the  heavy  metals  present  in  the  drainwater  will  accumulate  in 
this  material,  and  it  is  possible  although  not  likely  that  this  material  may  be  of  some 
regulatory  concern.  For  example,  a  sample  of  this  material  collected  at  the  Murietta 
Farms  Pilot  Plant  contained  50  ppm  Pb,  100  ppm  Ni,  200  ppm  Cu,  200  ppm  Cr,  and 
600-ppm  Mn.  If  unregulated  disposal  is  permitted,  this  material  may  find  use  as  a  soil 
amendment;  the  sample  reported  also  contained  3.65  percent  P,  and  abundant  organic 
material  containing  some  amount  of  nitrogen. 

COMPLETENESS 

This  option  is  not  complete  because  it  would  require  disposal  of  the  saline  wastewater  and 
selenium  concentrate  slurry.  The  process  may  also  need  a  final  polishing  step  to  bring 
selenium  in  treated  water  below  10  ppb  (best  reported  values  are  15  to  20  ppb,  typical 
values  around  100  ppb). 

Selenium  concentrate  slurry  may  need  to  be  processed  or  disposed  as  hazardous  waste. 
The  mineral  precipitates  from  Section  II  of  the  high  rate  pond  must  also  be  disposed. 
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EFFECTIVENESS 
Capacity 

The  strong  variation  of  treatment  cost  with  unit  size  (see  Efficienq')  favors  large, 
centralized  water  treatment  plants.  A  treatment  plant  would  be  most  cost  effective  if 
built  in  a  location  where  drainwater  can  be  collected.  The  general  vicinity  of  the  cities 
of  Medota  and  Tranquiltity  meets  these  criteria. 

The  selenium-removal  performance  is  poorly  defined,  varying  15  to  95  percent  in 
laboratory  tests  and  at  the  pilot  plant;  80  percent  removal  seems  typical  among  the  data 
summarized  in  the  references.  Part  of  the  selenium  in  the  treated  water  is  selenite  ion, 
and,  in  principle,  it  should  be  possible  to  remove  selenite  by  precipitation  with  iron  salts. 
This  final  step  would  probably  help  remove  suspended  solids  from  the  treated  water  as 
well. 

Theoretically,  this  option  can  be  used  to  treat  100  percent  of  the  drainwater  produced  in 
the  SLU.  However,  a  practical  or  economic  limit  to  the  capacity  of  this  process  may 
exist.    This  limit  has  not  been  determined. 

Stage  of  Development 

The  microalgal-bacterial  process  is  considered  to  be  at  the  concept  stage  of  development. 
Although  some  testing  has  been  done  with  a  small  pilot  plant  at  Murietta  Farms,  nearly 
all  work  to  date  has  involved  testing  individual  unit  processes  in  isolation  from  each  other. 
Only  the  algae  growth/harvesting  part  of  the  process  has  been  successfully  operated  in  an 
integrated,  realistic  manner.  The  entire  water  treatment  process  has  not  been 
demonstrated  and,  in  fact,  the  physical  configuration  and  equipment  selection  have  not 
been  specified  in  detail. 

Required  Study 

Studies  that  should  be  performed  to  more  accurately  characterize  this  option  include: 

•  Design  of  a  complete,  integrated  process 

•  Demonstration  of  the  process  on  a  laboratory  scale 

•  Economic  analysis  of  the  process 
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EFFICIENCY 

Costs 

Preliminary  but  detailed  cost  estimates  have  been  developed  for  treatment  plants  of  1-, 
10-,  and  100-mgd  capacity  (UC  Lab,  1988).  Estimated  capital  costs  were  $1,469,000, 
$6,731,000,  and  $51,388,000,  respectively.  Total  operating  costs,  including  capital  recovery, 
are  $272,  $102,  and  $68  per  acre-foot,  respectively.  These  estimates  assume  9.375  percent 
interest  rate  and  amortization  over  27.5  years.  ..^ 

These  cost  estimates  appear  to  be  based  on  detailed  engineering  calculations  for  an 
assumed  process  configuration.  They  are  subject  to  substantial  uncertainty  because  the 
detailed  process  configuration  has  not  been  specified  yet. 

Sensitivity 

The  costs  of  treating  drainwater  with  the  microalgal-bacterial  process  would  probably  be 
most  sensitive  to  the  final  configuration  of  the  process  and  the  ability  of  the  individual 
components  to  be  integrated  effectively. 

ACCEPTABILITY 

Public  Acceptance 

No  problems  with  public  acceptance  are  anticipated. 

Institutional  Compatibility 

No  problems  are  apparent  with  the  water  treatment  process  itself. 

Environmental  Impacts 

Environmental  impacts  of  the  high  rate  ponds  will  not  be  significant.  Because  the  ponds 
are  stirred  and  lined,  high  rate  ponds  have  severely  simplified  ecosystems  and  do  not  seem 
likely  to  attract  birds.  Possible  minor  SOX  or  NOX  emissions  from  methane  combustors 
may  require  scrubbing. 
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Option  12 
MICROBIAL  VOLATILIZATION  OF  SELENIUM  IN  EVAPORATION  PONDS 


MICROBIAL  VOLATILIZATION  OF  SELENIUM 
IN  EVAPORATION  PONDS 

DESCRIPTION 

Microbial  volatilization  of  selenium  in  evaporation  ponds  is  a  treatment  option.  It  is 
fundamentally  different  in  its  purpose,  mechanism,  and  implementation  from  the  other 
biological  treatment  processes.  The  purpose  of  this  processN,is  to  limit  the  increase  of 
selenium  concentration  in  the  water  in  an  evaporation  pond  despite  increasing  TDS. 
This  process  does  not  produce  water  free  of  selenium. 

This  option  relies  on  microbial  activity  to  stimulate  the  conversion  of  selenium  in  ponded 
water  to  volatile  species  that  will  be  lost  to  the  atmosphere.  The  rate  of  microbial  activity 
and  selenium  volatilization  can  be  increased  by  adding  an  organic  amendment  to  the  pond 
water,  preferably  milk  protein  (casein). 

Bacteria  are  believed  to  be  the  primary  selenium-volatilizers  based  on  a  thousandfold 
increase  in  bacteria  population  observed  in  water  amended  with  casein  (Frankenberger 
and  Thompson-Eagle,  1989). 

Because  unamended  pond  water  contains  very  little  organic  carbon,  adding  an  appropriate 
organic  amendment  can  cause  a  large  increase  in  the  selenium  volatilization  rate.  The 
rate  of  selenium  volatilization  increased  twentyfold  when  casein  was  added  to  drainwater 
in  the  laboratory  and  in  very  small  field  experiments  (Frankenberger  and  Thompson-Eagle, 
1989).  The  decreased  concentration  of  total  selenium  might  be  partially  offset  by  an 
increased  concentration  of  the  more  toxic  organic-selenium  species  that  might  be  produced 
by  microbial  action. 

This  process  could  be  implemented  in  existing  evaporation  ponds.  Assuming  whey  is 
used  as  the  source  of  milk  protein,  the  following  equipment  would  be  required:  electric 
power,  whey  storage  tanks,  pumps,  and  pipes  for  distributing  the  whey  to  various  points 
within  the  ponds.  Because  the  amount  of  whey  required  is  relatively  large,  it  might  be 
more  cost-effective  to  deliver  it  from  a  dairy  plant  by  pipeline.  It  might  be  necessary  to 
stir  the  water  in  the  pond  to  distribute  the  whey  uniformly.  Pump  powered  water  jets 
could  probably  serve  this  purpose. 

If  solid  casein  or  vegetable  protein  is  used,  hoppers  for  storing  the  solid  protein  and 
mixers  to  dissolve  it  in  water  prior  to  application  would  also  be  needed. 

In  practice,  whey  (the  liquid  byproduct  of  cheese  manufacture)  would  probably  be  the 
most  practical  and  least  expensive  source  of  milk  protein.  Vegetable  protein  could  also 
provide  the  required  protein,  but  its  low  solubihty  would  probably  hmit  its  effectiveness. 
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Small  field  experiments  have  been  conducted  that  give  some  idea  of  the  amount  of  whey 
required  (Frankenberger  and  Thompson-Eagle.  1989).  Casein  was  added  to  water 
contained  within  2-inch-diameter  columns  set  up  inside  the  evaporation  ponds  at  the 
Sumner-Peck  Ranch,  and  the  generation  of  volatile  selenium  was  monitored  for  142  days. 
The  amount  of  casein  added  to  the  water  corresponded  to  0.2  g/L  of  organic  carbon. 
Assuming  that  casein  contains  50  percent  carbon  by  weight,  this  amount  corresponds  to 
0.04  percent  casein  by  weight.  The  average  rate  of  selenium  depuration  over  this  period 
was  approximately  0.25  percent  per  day.  This  rate  of  selenitim  depuration  is  optimal, 
because  it  approximates  the  rate  of  loss  of  water  by  evaporation. 

Most  of  the  selenium  in  evaporation  pond  water  can  be  volatilized  by  maintaining  this 
average  depuration  rate  for  approximately  1  year.  To  accomplish  this,  approximately  0.1 
percent  of  casein  (total)  would  have  to  be  added  to  the  water  in  several  doses.  Whey 
contains  approximately  1  percent  protein;  therefore,  this  total  dosage  rate  corresponds  to 
adding  10  percent  whey  to  the  water.  In  other  words,  evaporation  ponds  with  an  average 
annual  evaporation  rate  of  1  mgd  would  consume  100,000  gallons  per  day  of  whey  each 
on  average. 

The  effect  on  nitrate  in  the  pond  water  is  not  known;  it  could  be  either  increased  or 
decreased.  The  effect  on  the  amount  of  selenium  deposited  in  pond-bottom  sediment  is 
also  unknown,  and  could  be  either  increased  or  decreased. 

COMPLETENESS 

This  option  is  not  complete  because  it  requires  further  treatment  of  the  drainwater  by 
evaporation  ponds  and  eventual  salt  disposal.  The  brine  or  salt  cake  ultimately  produced 
by  the  evaporation  pond  would  contain  the  same  TDS  and  boron  as  produced  by  an 
untreated  pond,  and  would  have  to  be  disposed  properly. 

EFFECTIVENESS 

Capacity 

The  purpose  of  this  process  is  to  limit  the  increase  in  selenium-concentration  as  TDS 
increases  in  evaporating,  ponded  water.  This  process  does  not  produce  selenium-free 
water,  nor  does  it  keep  selenium  out  of  the  evaporation  ponds.  Some  concentration  of 
selenium  would  always  be  present  in  the  pond  water,  albeit  in  smaller  amounts  than 
without  the  treatment.  In  principle,  this  process  could  be  implemented  in  any  evaporation 
pond,  if  sufficient  whey  is  available.  In  practice,  the  very  large  requirement  for  whey 
would  limit  the  process  to  evaporation  ponds  located  near  large  dairy  processing  plants. 
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Stage  of  Development 

This  option  is  considered  to  be  at  the  testing  stage  of  development.  Experience  with  the 
process  to  date  has  been  limited  almost  entirely  to  laboratory  research.  The  few  field 
experiments  reported  at  Sumner-Peck  Ranch  were  small  and  limited. 

Required  Study 

Areas  that  require  further  study  to  more  fully  characterize  this  option  include: 

Identify  the  availability  and  cost  of  milk  protein  and  alternative  protein 
sources 

•  Determine  the  kinetics  of  the  process  and  the  protein  dosage  requirements 
under  realistic  field  conditions 

•  Determine  the  ecology  and  microbiology  of  protein-amended  ponds 
EFFICIENCY 

Costs 

If  chemical  grade  casein  is  purchased  and  added  to  the  water,  the  chemical  consumption 
would  be  approximately  2,720  pounds  per  acre-foot.  Casein  costs  approximately  $2.00  per 
lb.  At  this  price,  the  chemical  cost  would  amount  to  $5,440  per  acre-foot.  The 
equipment,  labor,  etc.,  would  add  a  relatively  small  additional  amount  to  the  overall 
process  cost. 

Whey  or  other  relatively  inexpensive  agricultural  byproduct  or  waste  material  must  be 
used  in  place  of  pure  casein,  if  the  process  is  to  be  economically  viable.  If  the  target 
chemical  cost  is  $100  per  acre-foot  of  water  treated,  the  price  of  whey  delivered  to  the 
evaporation  pond  cannot  exceed  $1,000  per  acre-foot;  that  is,  $1  for  326  gallons  of  whey. 
Clearly,  at  this  price  only  waste  material,  available  free  for  the  taking,  would  be 
economically  acceptable. 

Sensitivity 

The  unit  treatment  cost  of  this  option  is  most  sensitive  to  the  price  of  protein  and  the 
amount  of  protein  required  per  acre  foot  of  water.  In  practice,  the  applicability  of  the 
process  would  be  limited  by  the  supply  and  cost  of  milk  protein.  The  amount  of  protein 
needed  is  poorly  defined.  Process  optimization  and  substitution  of  cheaper  protein  sources 
might  decrease  process  cost. 
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ACCEPTABILITY 

Public  Acceptance 

Public  response  to  the  idea  that  selenium  would  be  purposely  released  to  the  atmosphere 
is  not  predictable.  Potential  adverse  odors  associated  with  decomposing  organic  material 
and/or  volatile  selenium  compounds  might  generate  some  local  complaints.  With  that 
exception,  ponds  should  be  perceived  approximately  as  are  existing  evaporation  ponds. 

Institutional  Compatibility 

The  use  of  this  process  might  be  limited  by  possible  environmental  impacts  (below). 

Environmental  Impacts  and  Other  Issues 

Concentrations  of  volatile  selenium  in  ambient  air  probably  would  not  approach  regulatory 
thresholds. 

Adding  protein  to  pond  water  would  have  an  unknown  effect  upon  the  microbiology  and 
ecology  of  the  pond.  A  thousandfold  increase  in  bacterial  population  was  reported  in 
drainwater  after  casein  was  added  in  the  laboratory  (Frankenberger  and  Thompson-Eagle,- 
1989).  If  the  population  of  pathogens  is  increased  to  this  degree,  the  ponds  might  present 
a  danger  to  wildlife.  The  very  high  bacteria  populations  and  the  nutrients  added  with  the 
protein  amendment  might  greatly  stimulate  the  pond  ecosystem,  increasing  the  population 
of  food  chain  organisms  and  attracting  wildlife. 
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Option  13 
PERCOLATION  PONDS 
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PERCOLATION  PONDS 

DESCRIPTION 

Percolation  ponds  are  used  as  a  biological  treatment  process.  This  process  is  similar  in 
its  fundamental  mechanism  to  the  anaerobic-bacterial  process  (Option  9). 

This  process  was  inspired  by  geochemical  observations  at  Kesterson  Reservoir.  Specifically, 
ponded  drainwater  containing  selenium  and  nitrate  percolatedvinto  the  pond  bottoms  at 
Kesterson  Reservoir.  Microbial  processes  in  the  first  2  inches  of  pond  bottom  sediment 
removed  nitrate  and  most  selenium  from  the  percolating  water.  Groundwater  underneath 
most  of  the  area  of  Kesterson  Reservoir  contained  no  detectable  nitrate,  and  less  than  2 
parts  per  billion  (ppb)  selenium.  Evidently,  microbes  in  the  organic-rich  pond-bottom  mud 
removed  nitrate  and  selenium  from  the  percolating  water.  Further  field  work  and 
laboratory  simulations  demonstrated  that  removal  of  nitrate  from  the  water  is  a 
precondition  for  the  removal  of  selenium;  after  nitrate  is  removed,  selenium  is  quickly 
removed  as  well.  Nitrate  removal  is  a  microbiologically  mediated  reduction  process,  and 
a  certain  ratio  of  organic  matter  to  nitrate  is  required  for  complete  removal  of  nitrate. 

The  water  treatment  process  described  here  is  an  engineered  equivalent  of  the  natural 
water  treatment  process  observed  at  Kesterson  Reservoir.  The  entire  process  would  take 
place  in  a  specially  designed  water  treatment  pond. 

The  water  treatment  pond  would  have  closely  spaced,  shallow  tile  drains  installed  in  its 
bottom.  Preferably,  the  tile  drains  would  be  installed  in  a  layer  of  coarse  sand  artificially 
emplaced  beneath  the  pond  to  favor  uniform  drainage  with  reasonable  drain  spacing.  Raw 
drainwater  would  be  put  into  the  pond,  and  treated  water  would  be  removed  from  the 
drains  beneath  it.  An  ecosystem  similar  to  the  one  that  existed  in  the  deep  water  areas 
within  Kesterson  Reservoir  would  be  maintained  within  the  pond.  This  ecosystem 
produces  much  biomass,  which  would  be  available  for  denitrification  of  the  drainwater,  and 
would  maintain  the  pond-bottom  sediment  in  a  strongly  reducing  condition.  Water 
percolating  through  the  pond  bottom  would  have  nitrate  and  selenium  removed  by 
microbial  action.  Microbial  and  inorganic  processes  in  the  mineral  soil  underneath  the 
black  sediment  would  remove  additional  selenium  from  the  water. 

Most  of  the  selenium  removed  from  the  water  would  accumulate  in  the  pond-bottom 
sediment,  consisting  of  a  mixture  of  mineral  soil,  decomposed  organic  matter,  and  calcium 
carbonate  precipitated  from  the  water.  In  order  to  produce  a  well-defined,  reasonably 
compact  solid  waste  stream,  it  would  be  desirable  to  mix  the  top  few  inches  of  sediment 
periodically  by  plowing  or  similar  means,  and  to  run  the  sediment  to  as  high  a 
concentration  of  selenium  as  can  be  attained. 
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Small  pilot  test  work  has  demonstrated  that  good  selenium  removal  is  attained  with  a 
100-foot-per-year  percolation  rate  with  a  treatment  zone  only  6  inches  thick.  A  water 
treatment  pond  averaging  a  100-foot-per-year  percolation  rate  would  require  11.2  acres 
to  treat  1  mgd.  If  the  selenium  is  accumulated  in  pond  bottom  sediment  that  contains 
100  ppm  selenium  (wet  weight),  approximately  4  inches  of  this  sediment  would  accumulate 
in  1  year. 

The  peak  percolation  rate  consistent  with  good  removal  of  nitrate  and  selenium  is  a 
function  of  microbial  kinetics,  and  certainly  exceeds  100  feet^per  year.  The  maximum 
annual  average  percolation  rate  would  more  likely  be  limited  by  the  supply  of  organic 
matter  available  to  denitrify  the  water.  This  rate  would  be  between  10  and  100  feet  per 
year.  The  lower  limit,  10  feet  per  year,  approximates  historical  percolation  rates  in  the 
permanently  flooded  parts  of  Kesterson  Reservoir,  where  excellent  selenium  removal  was 
documented. 

The  biomass  required  to  reduce  and  remove  nitrate  and  selenium  from  the  water  would 
be  provided  by  algae  growing  naturally  in  the  pond.  Adding  trace  nutrients  (P,  chelated 
Fe)  might  increase  the  production  of  biomass. 

This  process  would  produce  drainwater  with  the  same  TDS  and  boron  concentration  as 
the  influent,  but  with  no  nitrate  and  relatively  little  selenium.  Water  initially  containing 
up  to  425  ppb  selenium  was  treated  in  a  small  pilot  plant,  and  came  out  containing 
10  ppb  nonvolatile  selenium  plus  5  ppb  volatile  selenium  after  passing  through  just 
6  inches  of  pond-bottom  sediment  at  a  rate  of  100  feet  per  year  (Weres,  in  press).  In 
an  actual  water  treatment  pond,  the  black  pond-bottom  sediment  would  typically  be 
supported  by  about  3  feet  of  mineral  soil,  allowing  for  much  longer  reaction  time  and 
removal  of  more  selenium.  At  Kesterson  Reservoir,  groundwater  beneath  the  ponds 
typically  contained  1  to  2  ppb  selenium.  Water  treated  in  a  properly  designed  pond 
would  certainly  contain  less  than  10  ppb  selenium,  and  might  approach  the  1  to  2  ppb 
observed  at  Kesterson  Reservoir. 

As  it  operates,  the  pond  would  accumulate  selenium-rich  sediment.  After  a  few  years  of 
operation,  this  sediment  would  need  to  be  removed  and  either  treated  to  remove  selenium, 
or  properly  disposed.  This  basic  need  is  common  to  all  water  treatment  processes  that 
produce  a  selenium  concentrate. 

The  selenium  concentration  reached  in  the  pond-bottom  sediment  would  be  limited  by 
the  amount  of  organic  and  inorganic  solids  codeposited  with  it.  Deep  water  sediment  at 
Kesterson  Reservoir  typically  contained  100  ppm  selenium  (dry  weight),  and  occasionally 
contained  in  excess  of  200  ppm.  In  a  properly  designed  pond,  it  should  be  possible  to 
approach  300  ppm  dry  weight  selenium.  This  material  probably  would  resemble  the 
sediment  in  the  San  Luis  Drain  in  its  physical  properties,  and  contain  approximately  67 
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percent  water  by  weight.  Therefore,  the  wet  sediment  would  probably  contain  100  ppm 
selenium,  maximum. 

If  the  sediment  contains  100  ppm  (wet  weight)  selenium,  a  1  mgd  water  treatment  pond 
would  produce  6,100  tons  of  wet  sediment  per  year. 

COMPLETENESS 

This  option  is  not  complete  because  it  would  require  disposal  af  high  TDS,  low-selenium 
wastewater  and  disposal  of  selenium-rich  sediment  or  sludge.  The  wastewater  could  be 
disposed  through  discharge  to  the  San  Joaquin  River,  deep  well  injection,  east  side  reuse, 
or  other  methods.  The  water  treatment  pond  described  here  closely  resembles  an 
evaporation  pond.  It  could  well  be  integrated  with  evaporation  ponds  for  treated  water. 
In  this  integrated  drainwater  disposal  system,  only  the  relatively  small  water  treatment 
pond  (5  to  10  percent  of  aggregate  pond  area)  would  be  contaminated  with  selenium. 
The  much  larger  evaporation  ponds  would  be  filled  with  treated  water  containing  very  little 
selenium.  Abundant  aquatic  vegetation  would  grow  in  the  first  stage  evaporation  cells, 
where  water  salinity  would  approximate  historical  conditions  at  Kesterson  Reservoir.  It 
might  be  possible  to  harvest  this  vegetation  and  transfer  it  to  the  water  treatment  pond, 
greatly  increasing  the  supply  of  organic  matter  available  for  denitrification.  Because  the 
first  evaporation  cell  would  be  much  larger  than  the  treatment  pond,  it  would  certainly 
provide  sufficient  organic  matter  to  support  a  100-foot-per-year  percolation  rate  within  the 
water  treatment  pond.  If  evaporated,  the  residual  brine  or  salt  cake  would  need  to  be 
disposed. 

EFFECTIVENESS 

Capacity 

Percolation  ponds  are  applicable  in  locations  where  drain  can  be  collected  efficiently, 
such  as  near  the  cities  of  Merdota  and  Tranquillity.  This  process  is  also  well-suited  to 
installations  of  widely  varying  size,  ranging  from  small  ponds  serving  individual  farms  to 
large,  centralized  water  treatment  complexes.  A  water  treatment  pond  could  very 
conveniently  be  integrated  with  larger  evaporation  ponds,  thereby  limiting 
selenium-contamination  to  the  relatively  small  water  treatment  pond.  Theoretically,  this 
option  could  treat  100  percent  of  the  drainwater  in  the  SLU.  However,  there  might  be 
a  practical  or  economic  limit  to  the  capacity  of  this  option.  These  limits  have  not  been 
defined. 
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Stage  of  Development 

This  option  is  considered  to  be  at  the  testing  stage  of  development.  Voluminous  data 
are  available  from  Kesterson  Reservoir  documenting  performance  of  this  process  in  an 
accidental,  uncontrolled  manner.  The  basic  processes  of  de nitrification  and  selenium 
removal  have  been  well  documented  in  the  laboratory.  A  small  pilot-plant  was  constructed 
in  the  form  of  a  31-inch  diameter  column,  including  overlying  water  with  a  simplified 
Kesterson  Reservoir-derived  ecosystem  maintained  in  it.  This  pilot  plant  demonstrated 
that  good  removal  of  nitrate  and  selenium  is  achieved  at  a  percolation  rate  of  100  feet  per 
year,  but  the  pilot  plant  was  not  operated  long  enough  to  establish  the  amount  of  organic 
matter  realistically  available  for  denitrification  (Weres,  in  press). 

Required  Study 

The  next  step  in  evaluating  this  water  treatment  concept  would  be  to  design,  build,  and 
operate  a  water  treatment  pond  with  an  area  of  about  4  acres  for  1  or  2  years.  The 
capacity  of  this  pilot  pond  would  be  0.1  to  0.3  mgd. 

Certain  aspects  of  the  pond's  design  and  operation  require  detailed  engineering  study 
and  testing  at  pilot  level.    These  include: 

•  The  maximum  peak  percolation  rate  that  can  be  achieved,  given  the  quality 
of  soil  available  in  the  San  Joaquin  Valley  and  how  that  rate  might  be 
increased 

•  Possible  plugging  and  permeability  damage  associated  with  deposition  of 
calcium  carbonate  and  fine  organic  particulates  in  the  pond-bottom  sediment; 
mechanical  means  (e.g.,  periodic  harrowing)  to  control  permeability  damage 

•  Amount  of  organic  matter  produced  wdthin  the  water  treatment  pond  and 
available  to  support  denitrification 

•  Mechanical  means  for  harvesting  vegetation  growing  in  evaporation  cells 
and  transferring  it  to  the  water  treatment  pond 

EFFICIENCY 

Costs 

Weres  (1989)  presented  the  following  approximate  costs  for  percolation  ponds:  $50,000 
per  acre  to  build  the  water  treatment  pond,  and  overall  water  treatment  cost  of  $100  per 
acre-foot.  The  reliability  of  these  cost  estimates  is  low. 
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The  most  significant  cost  component  would  be  the  capital  investment  represented  by  the 
pond  itself.  Pumps  and  power  would  be  required  to  pump  the  water,  and  labor  would  be 
required  to  operate  and  maintain  the  system. 

Sensitivity 

The  unit  cost  of  the  percolation  pond  process  would  be  most  sensitive  to  its  percolation 
rate.  This  factor  would  dictate  (among  other  things)  the  requ^ed  pond  area  compatible 
with  good  selenium  removal.  The  peak  percolation  rate  would  be  limited  by  the 
permeability  of  the  pond  bottom  and  the  design  of  the  pond.  The  maximum  annual 
average  percolation  rate  would  be  determined  by  the  supply  of  organic  matter  available 
for  de nitrification.  In  both  cases,  the  practical  limit  could  only  be  determined  by  actually 
designing,  building,  and  operating  a  pond.  If  the  water  treatment  pond  is  integrated  with 
an  evaporation  pond  that  supplies  organic  matter  to  the  water  treatment  pond,  the 
percolation  rate  in  the  water  treatment  pond  would  probably  be  limited  by  permeability 
and  hydraulics  only. 


ACCEPTABILITY 

Public  Acceptance 

Percolation  ponds  have  not  received  sufficient  attention  to  anticipate  public  response. 
Ponds  probably  would  be  acceptable  if  permitted  by  RWQCB  and  located  away  from 
populated  areas. 

Institutional  Compatibility 

Intentional  accumulation  of  selenium  in  the  pond-bottom  mud  might  potentially  have 
some  regulatory  consequences.  However,  these  can  probably  be  avoided  by  proper  design 
and  documentation  of  the  pond.  For  example,  not  exceeding  100  ppm  selenium  (wet 
weight)  in  the  sediment  would  avoid  possible  conflicts  with  the  Toxic  Pits  Act.  The  fact 
that  the  selenium  in  the  pond  bottom  is  well-fixed  in  place  by  geochemical  conditions  and 
the  sediment  would  be  removed  after  it  has  accumulated  to  a  certain  depth  should  help 
achieve  necessary  regulatory  approvals. 

Environmental  Impacts  and  Other  Issues 

A  water  treatment  pond  would  be  much  smaller  than  an  evaporation  pond  of  equal 
capacity,  and  its  environmental  impacts  would  be  smaller  by  at  least  that  proportion.  If 
a  water  treatment  pond  is  integrated  with  evaporation  ponds  for  the  treated  water,  the 
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evaporation  ponds  would  receive  very  little  selenium,  and  their  environmental  impacts 
would  be  greatly  decreased.  The  proximity  of  the  large  evaporation  cells  would  draw 
water  birds  away  from  the  much  smaller  selenium-contaminated  water  treatment  pond. 

In  principle,  the  environmental  impacts  of  a  water  treatment  pond  should  be  comparable 
to  those  of  an  evaporation  pond  of  equal  area.  In  practice,  they  probably  would  be 
somewhat  smaller.  Because  the  water  treatment  pond  would  be  small,  it  would  be  an  easy 
matter  to  keep  wildlife  out,  particularly  if  it  is  built  adjacent  to  much  larger  evaporation 
ponds  filled  with  selenium-free  treated  water.  The  water  'treatment  pond  would  be 
carefully  designed  and  built  with  an  even  bottom  and  uniform  banks,  and  a  relatively  high, 
stable  water  level  would  be  maintained.  These  factors  would  eliminate  the  emergent 
vegetation  and  gradual  shorelines  favored  by  most  water  birds.  The  extensive  drainage 
system  underneath  the  pond  would  effectively  block  percolation  of  the  treated  pond  water 
into  the  underlying  groucuvvater. 

REFERENCES 

Weres,  O.  et  al.,  in  press.  "The  Effect  of  Nitrate  and  Organic  Matter  Upon  the  Mobility 
of  Selenium  in  Groundwater  and  in  a  Water  Treatment  Process."  In  Water,  Air  and  Soil 
Pollution  (in  press). 

Weres,  O.,  1989.  Drainwater  Treatment  Process  Modelled  on  Kesterson  Reservoir. 
Paper  presented  at  the  Seminar  on  Controlling  Toxic  Substances  in  Agricultural  Drainage: 
Emerging  Technologies  and  Research  Needs.  Sponsored  by  the  U.S.  Committee  on 
Irrigation  and  Drainage  and  the  Bureau  of  Reclamation.  Sacramento,  CA.  November  15 
and  16,  1989. 
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IRON  FILINGS 

DESCRIPTION 

Iron  filings  can  be  used  in  a  drainwater  treatment  process.  The  process  removes  selenium 
from  drainwater.  but  TDS  and  boron  are  not  affected.  This  proprietary  process  is  used 
in  a  variety  of  industrial  applications  where  a  small  concentration  of  transition  metal  ions 
need  to  be  removed  from  water  (U.S.  Patent  4,565,633).  The  process  is  most  effective  in 
removing  metals  more  noble  than  iron  (e.g.,  Cu  or  Ni),  but  less*noble  metals  may  also  be 
removed  (e.g.,  Zn). 

This  description  and  process  evaluation  are  based  on  outdated  references  that  did  not 
contain  definitive  data  on  the  iron  filings  process  (Lagvankar  et  al.,  1986;  Harza,  1986). 
Additional  testing  may  have  been  performed,  but  the  results  have  not  been  published. 
Therefore,  parts  of  the  description  and  evaluation  presented  here  may  be  obsolete. 

Water  treatment  with  iron  filings  involves  passing  the  water  through  a  bed  of  clean  iron 
filings  (0.3  to  0.6  mm  in  diameter)  supported  by  sand.  The  iron  filings  are  initially 
"activated"  in  an  unspecified  manner.  When  exposed  to  water,  the  iron  filings  gradually 
oxidize,  and  the  iron  is  converted  to  active,  amorphous  iron  oxide.  The  presence  of 
actively  corroding  iron  and  ferrous  ion  causes  the  chemical  reduction  of  metals  more 
noble  than  iron.  A  variety  of  metal  ions  are  adsorbed  on  the  surface  of  the  freshly 
precipitated  iron  oxide,  or  coprecipitated  with  the  iron  oxide. 

The  chemical  mechanism  for  precipitating  selenium  is  not  explained  in  the  references 
available  to  us.  Selenium  is  not  a  transition  metal  and  cannot  be  adsorbed  or  precipitated 
in  cationic  form.  Removal  of  selenium  must  involve  reduction  of  selenate-selenium  to  the 
free  element,  which  is  a  solid,  or  to  selenite-selenium,  which  is  readily  precipitated  by 
ferrous  iron  as  ferrous  selenite.  It  is  possible  that  the  fundamental  chemical  mechanism 
involved  in  the  iron  filings  process  is  identical  to  that  in  the  ferrous  hydroxide  process 
(Option  17).  The  difference  is  that  the  iron  filings  process  generates  iron  hydroxide  by 
the  oxidation  of  metallic  iron  in  place.  If  this  is  true,  then  the  iron  filings  process  will  be 
subject  to  the  same  chemical  interferences  as  the  ferrous  hydroxide  process;  that  is, 
reaction  with  dissolved  oxygen  and  nitrate  in  the  drainwater  may  consume  part  of  the 
ferrous  iron,  and  ferrous  iron  may  react  with  bicarbonate  in  the  water  to  form  a 
precipitate  of  iron  carbonate.  In  this  case,  part  of  the  iron  will  be  consumed  to  reduce 
oxygen  and  nitrate  in  the  water.  The  amount  of  iron  consumed  by  these  reactions  may, 
however,  be  substantially  less  than  observed  in  the  ferrous  hydroxide  process  because  the 
metallic  iron  used  in  the  iron  filings  process  has  much  more  reduction  capacity  than  does 
the  ferrous  ion  in  the  ferrous  hydroxide  process. 
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Plugging  of  the  adsorption  bed  reported  by  Harza  (1986)  strongly  suggests  precipitation 
of  ferrous  carbonate. 

Harza  (1986)  has  reported  that  the  concentration  of  selenium  remaining  in  the  treated 
water  is  mostly  a  function  of  the  residence  time  of  water  inside  the  adsorption  bed;  90 
percent  removal  of  selenium  is  claimed  with  a  residence  time  of  about  6  hours.  Assuming 
6  hours  residence  time  and  adsorption  bed  porosity  of  40  percent,  a  1-mgd  water 
treatment  plant  would  have  an  adsorption  bed  volume  of  1.9  acre-feet. 

The  iron  filings  process  removes  selenium  from  drainwater.  PubHshed  descriptions  of 
this  process  discuss  selenium  removal  only,  although  it  may  perhaps  also  remove  some 
transition  metals  (e.g..  Mo).   The  effect  upon  nitrate  concentration  has  not  been  reported. 

Eventually,  the  adsorption  bed  will  be  exhausted,  and  will  need  to  be  excavated.  The 
bed  material  may  need  to  be  detoxified  or  disposed  as  hazardous  waste. 

COMPLETENESS 

This  option  is  not  complete  because  it  requires  salt  and  wastewater  disposal.  Treated 
water  could  be  disposed  through  discharge  to  the  San  Joaquin  River,  deep  well  injection, 
or  east  side  reuse.  This  option  might  make  further  treatment  with  evaporation  ponds 
more  viable  by  reducing  potential  impacts  to  waterfowl.  If  water  is  evaporated,  residual 
brine  or  salt  cake  would  need  to  be  disposed.  Spent  iron  filings  would  eventually  need 
to  be  excavated  and  detoxified  or  disposed. 

EFFECTIVENESS 

Capacity 

Theoretically,  this  option  could  be  used  to  treat  100  percent  of  the  drainwater  from  the 
San  Luis  Unit.  There  might,  however,  be  practical  or  economic  limits  to  the  capacity  of 
this  process.  These  limits  have  not  been  defined.  This  process  appears  well-suited  for 
water  treatment  facilities  of  different  sizes. 

Stage  of  Development 

This  option  is  considered  to  be  at  the  testing  stage  of  development.  The  references  used 
in  this  report  summarized  laboratory  tests  and  very  small  field  tests  of  brief  duration 
utilizing  small  glass  columns.    Results  of  further  work  have  not  been  published. 
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Required  Study 

Key  issues  that  require  further  study  include  the  following: 

•  Determine  useful  life  of  adsorption  bed  under  realistic  operating  conditions 

•  Determine  if  oxygen,  nitrate,  and  bicarbonate  in  drainwater  interfere 

EFFICIENCY 

Costs 

Available  data  are  not  sufficient  to  enable  estimates  of  water  treatment  costs  for  this 
option.  Harza  (1986)  claims  that  treatment  costs  may  be  less  than  $50  per  acre-foot  if 
long  bed  life  is  attained.  The  life  of  the  adsorption  bed  would  be  determined  by  the 
following  factors,  among  others:  consumption  of  iron  by  side  reactions  involving  oxygen, 
nitrate,  and  carbonate,  and  plugging  of  the  adsorption  bed  by  precipitation  of  iron 
carbonate  or  other  precipitates.  Lack  of  available  information  on  these  factors  reduces 
confidence  in  this  cost  estimate. 

Sensitivity 

The  cost  of  treatment  using  iron  filings  will  be  most  sensitive  to  the  useful  life  of  the 
adsorption  bed. 

ACCEPTABILITY 

Public  Acceptance 

No  problems  are  anticipated. 

Institutional  Compatibility 

The  accumulation  of  selenium  in  a  large  adsorption  bed  could  have  regulatory 
consequences;  for  example,  regulatory  agencies  might  mandate  excavation  and  removal 
of  iron  filings  when  the  bed  is  exhausted. 

Environmental  Impacts  and  Other  Issues 

Treated  water  might  contain  5  to  50  ppm  dissolved  iron,  which  could  produce  acid  and 
precipitates  of  iron  oxide  as  it  oxidizes  upon  exposure  to  air.   These  reactions  would  take 
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place  in  the  evaporation  pond  or  other  body  that  receives  the  treated  water.  Impacts 
directly  related  to  construction  and  the  physical  presence  of  the  water  treatment  plant  are 
also  possible. 

REFERENCES 

Lagvankar,  A.,  K.V.  Mayenkar,  and  P.A.  Pherson,  1986.  Innovative  Process  for  Removing 
Heavy  Metals  From  Wastewater.  Presented  at  59th  Annual  Meeting  of  the  Central  States 
Water  Pollution  Control  Federation.    May  14  through  16,  1986, 

Harza  Engineering  Company  (Harza),  1986.  Selenium  Removal  Study.  Prepared  for  the 
Panoche  Drainage  District,  Firebaugh,  California.    August  1986. 
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Option  17 
FERROUS  HYDROXIDE 


FERROUS  HYDROXIDE 

DESCRIFnON 

Ferrous  hydroxide  is  an  inorganic  treatment  process  for  reducing  and  precipitating 
selenate-selenium  and  selenite-selenium  from  drainwater.  Ferrous  sulfate  and  either  Hme 
or  sodium  hydroxide  are  added  to  drainwater  to  produce  a  flocculent  precipitate  of  ferrous 
hydroxide.  Ferrous  hydroxide  chemically  reduces  selenate-selenium  and  crystalizes  to  form 
magnetite.  The  precipitate  of  magnetite  (and  perhaps  other  iron  oxides)  removes  most 
of  the  selenium  initially  in  the  water  (Murphy,  1988). 

Oxygen  and  nitrate  in  the  water  interfere  with  this  process,  probably  by  oxidizing  ferrous 
iron.  Bicarbonate  interferes  by  causing  iron  to  precipitate  as  ferrous  carbonate.  Oxygen, 
nitrate,  and  bicarbonate  should  be  removed  prior  to  addition  of  iron.  A  number  of 
possible  processes  to  remove  this  interference  were  considered  (Moody  and  Murphy, 
1989).    Only  the  most  feasible  options  are  described  here. 

Carbonate  may  be  removed  from  the  drainwater  by  precipitating  it  with  lime.  This 
reaction  is  most  conveniently  accomplished  by  adding  enough  lime  to  the  water  to 
precipitate  the  carbonate  as  calcium  carbonate  and  to  subsequently  form  ferrous  hydroxide 
before  adding  the  ferrous  sulfate. 

Nitrate  is  most  conveniently  removed  by  biological  denitrification,  using  methanol  and 
biological  reactors  similar  to  those  described  as  the  biological  part  of  the  anaerobic- 
bacterial  process.    Biological  denitrification  also  removes  dissolved  oxygen. 

The  inorganic  precipitation  reactions  would  be  carried  out  in  a  series  of  rapid  mixing 
tanks,  settling  tanks,  etc.  If  17  hours  is  allowed  for  the  selenium-precipitation  reaction, 
the  required  reaction  volume  for  a  1-mgd  water  treatment  tank  would  be  2.2  acre-feet. 
Storage  tanks  or  bins  and  equipment  for  handling  chemicals  and  solid  waste  streams  would 
also  be  required. 

A  1-mgd  water  treatment  plant  would  consume  approximately  0.5  ton  per  day  of  lime 
plus  0.82  ton  per  day  of  ferrous  sulfate  heptahydrate.  It  would  also  consume  the  same 
amount  of  methanol  for  denitrification  as  required  by  the  anaerobic-bacterial  process 
(Option  9).  If  the  concentration  of  nitrogen  (as  nitrate-N)  is  140  parts  per  million  (ppm) 
(assumed  in  Moody  and  Murphy,  1989),  a  1-mgd  plant  would  consume  340  gallons  of 
methanol  per  day.  This  nitrate  concentration  corresponds  to  drainwater  at  Murietta 
Farms;  nitrate  concentrations  are  lower  in  most  other  drainage  areas. 

The  treated  water  would  have  slightly  higher  TDS  concentrations,  and  greatly  reduced 
concentrations  of  nitrate  and  selenium.   The  concentration  of  boron  would  be  unchanged. 
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The  estimates  by  Moody  and  Murphy  (1989)  assume  99  percent  removal  of  selenium  for 
purposes  of  calculation.  This  fraction  of  removal  does  not  appear  to  have  been  achieved 
using  actual  drainwater  (discussed  further  below). 

Biological  denitrification  in  this  process  is  in  all  respects  identical  to  the  biological  reactor 
part  of  the  anaerobic-bacterial  process.  Here,  the  ferrous  hydroxide  precipitation  step 
serves  the  same  purpose  as  the  pohshing  step  in  the  aQiaerobic-bacterial  process. 
Therefore,  ferrous  hydroxide  precipitation  must  be  compared  with  the  soil  bed  and  ion 
exchange  polishing  steps  that  have  been  tested  with  the  anaerobic-bacterial  process.  If 
ferrous  hydroxide  precipitation  can  be  shown  to  be  superior  to  those  alternatives  (in 
regard  to  cost  and/or  selenium  removal),  then  this  process  will  be  superior  overall  to  the 
anaerobic-bacterial  process. 

COMPLETENESS 

The  ferrous  hydroxide  process  is  not  complete  because  it  would  require  disposal  of  salts. 
Possible  compatible  disposal  options  include  discharge  to  the  San  Joaquin  River,  a  deep 
well  injection,  and  east  side  reuse.  This  option  might  make  treatment  with  evaporation 
ponds  more  feasible  by  reducing  wildhfe  exposure  to  selenium.  If  the  wastewater 
evaporated,  the  residual  brine  or  salt  cake  would  need  to  be  disposed. 


IS 


The  biological  denitrification  process  would  produce  solid  waste  identical  to  that  produced 
by  the  anaerobic-bacterial  process.  Based  on  the  analysis  for  the  anaerobic-bacterial 
process,  this  waste  stream  would  amount  to  3,050  tons  per  year  for  a  1-mgd  plant.  The 
ferrous  iron  precipitation  process  would  produce  additional  solid  waste  material.  The  iron 
precipitate  might  be  flocculent  and  poorly  crystalized,  increasing  its  volume.  The  waste 
will  amount  to  at  least  3,000  tons  per  year  for  a  1-mgd  plant  that  must  also  be  disposed. 


This  process  would  be  most  cost-effective  in  locations  where  drainwater  can  be  collected, 
such  as  near  the  cities  of  Mendota  and  Tranquillity. 

EFFECTIVENESS 

Capacity 

Theoretically,  this  option  could  be  used  to  treat  100  percent  of  the  drainwater  in  the  SLU. 
There  might,  however,  be  practical  or  economic  limits  to  the  capacity  of  the  process. 
Such  limits  are  not  currently  defined. 
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Stage  of  Development 

This  option  is  considered  to  be  in  the  concept  stage;  although  the  individual  processes 
have  been  extensively  tested  in  the  laboratory,  they  have  not  been  successfully  combined. 
There  have  been  limited  attempts  to  pilot  test  this  process  in  the  field.  Good  selenium 
removal  is  readily  achieved  in  the  laboratory  in  the  absence  of  nitrate,  but  the 
selenium-precipitation  process  has  not  been  integrated  with  biological  denitrification. 
There  is  some  reason  to  doubt  that  the  two  are  entirely  compatible;  biological 
denitrification  might  convert  some  part  of  the  selenium  in  the  brine  to  organic  species, 
which  might  not  precipitate  with  ferrous  hydroxide  (Moody  and  Murphy,  1989). 

Required  Study 

Further  consideration  of  this  option  would  require  a  pilot  test  that  includes  both  biological 
denitrification  and  ferrous  hydroxide  precipitation.  An  economic  analysis  of  this  option 
should  also  be  performed. 

EFFICIENCY 

Costs 

Moody  and  Murphy  (1989)  present  cost  estimates  for  a  50-mgd  plant.  Treatment  costs' 
probably  would  be  moderately  higher  for  treatment  plants  of  realistic  size  (1-10  mgd). 
The  overall  water  treatment  cost  at  50  mgd  was  estimated  to  be  $182  per  acre-foot; 
biological  denitrification  accounts  for  $100  per  acre-foot.  A  relatively  high  concentration 
of  nitrate  was  assumed  in  these  calculations  (140  ppm  nitrate-N).  The  part  of 
denitrification  cost  represented  by  methanol  would  be  lower  in  proportion  to  the  lower 
nitrate  concentration  expected  in  most  areas.  Seventeen  hours  were  allowed  for  the 
reaction  to  take  place  when  process  costs  were  estimated  (Moody  and  Murphy,  1989). 

Sensitivity 

The  viability  of  this  process  depends  on  the  ability  to  successfully  integrate  biological 
denitrification  with  ferrous  hydroxide  precipitation. 

ACCEPTABIUTY 

Public  Acceptance 

No  problems  are  foreseen. 
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Institutional  Compatibility 

No  problems  are  foreseen. 

Environmentai  Impacts  and  Other  Issues 

Environmental  impacts  are  limited  to  those  associated  with  the  actual  physical  presence 
of  the  water  treatment  plant. 

REFERENCES 
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Identification  of  Competing  and  Interfering  Solutes.  Pp.  231-246  in  4  Toxic  Substances 
in  Agricultural  Water  Supply  and  Drainage:  An  Environmental  Perspective.  Papers  from 
the  Second  Pan-American  Regional  Conference  of  the  International  Commission  on 
Irrigation  and  Drainage,  Ottawa,  Canada,  June  8-9,  1989.  U.S  Committee  on  Irrigation 
and  Drainage.    Denver.    1989. 
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Option  18 
REVERSE  OSMOSIS 


REVERSE  OSMOSIS 

DESCRIPTION 

Reverse  osmosis  (RO)  is  a  drainwater  treatment  option.  It  uses  the  process  of 
reverse  osmosis  in  conjunction  with  some  level  of  pretreatment  to  separate  salt, 
selenium,  and  other  trace  constituents  from  drainwater.  The  byproducts  of  this 
process  include  treated  wastewater,  reverse  osmosis  waste,  and  pretreatment 
waste.  >> 

A  study  of  a  conceptual  RO  facility  that  could  treat  San  Luis  drainwater  at  a 
capacity  of  10  mgd  or  approximately  9,000  acre-feet  per  year  (CH2M  HILL,  1986) 
identified  three  pretreatment  schemes.  The  pretreatment  investigation  is  the  most 
important  part  of  this  study  since  pretreatment  is  critical  to  successful  RO  plant 
operation.    The  pretreatment  schemes  are  as  follows: 

•  Case  A  -  lime/soda  ash  softening 

•  Case  B  -  ion  exchange  softening 

•  Case  C  -  ion  exchange  softening  using  RO  brine  as  a  regenerant 

All  pretreatment  cases  included  multimedia  filtration,  chlorination,  and 
dechlorination.  Cases  A  and  B  are  off-the-shelf  technologies;  Case  C  is  in  the 
advanced  developmental  stage.  Case  C  has  been  tested  by  Reclamation  and  is 
being  tested  by  the  California  Department  of  Water  Resources.  None  of  the 
pretreatments  remove  selenium  (selenium  is  almost  exclusively  in  the  selenate 
form)  or  boron.  However,  all  pretreatment  approaches  remove  most  of  the  other 
trace  metals. 

Each  pretreatment  approach  can  be  operated  such  that  the  RO  will  achieve  a 
maximum  of  87.5  percent  recovery. 

The  RO  plant  would  consist  of  three  stages.  The  first  stage  operates  at  400  to 
450  psi  and  the  second  and  third  at  850  and  900  psi.  The  membranes  are 
polyamide  thin  film  composite  (TFC)  and  are  of  the  spiral  wound  configuration. 
This  configuration  was  selected  because  of  its  reduced  susceptibility  to  colloidal 
fouling  over  the  competing  configuration  of  hollow  fibers.  (Colloidal  fouling  could 
be  a  problem  in  the  drain.)  The  TFC  membranes  selected  are  seawater 
membranes  with  high  salt-rejection  properties.  Depending  on  pretreatment,  the 
RO  would  operate  at  an  average  of  83  to  87  percent  recovery  with  a  maximum 
recovery  of  87.5  percent.  The  product  water  would  have  a  total  dissolved  solids 
(TDS)  of  550  to  650  ppm  and  a  brine  TDS  of  55,000  to  67,000  ppm. 

The  trace  metal  (transition  or  heavy  metal)  concentrations  in  the  RO  product 
(excluding  selenium)  would  be  below  detection  limits  by  conventional  analytical 
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methods.  The  selenium  concentration  would  be  below  0.01  to  0.02  Mg/L  (or  parts 
per  million,  ppm).  Boron  is  not  easily  removed  by  RO  and  would  be  in  the 
product  water  at  a  level  of  7  to  8  ppm.  Therefore,  if  the  product  water  is  to  be 
used  for  irrigation,  it  must  be  blended. 

Facilities  that  would  be  required  for  the  RO  process  include: 

•  Pretreatment  system,  including  filtration  and  possibly  ion  exchange 

•  Pumping  facilities 

•  RO  system 

•  Feed  reservoir  or  other  tlow  regulating  method 

COMPLETENESS 

This  option  is  not  complete  because  disposal  of  the  wastewater  and  separated 
wastes  is  required.  The  wastewater  could  be  disposed  through  discharge  to  the 
San  Joaquin  River  or  deep  well  injection.  Use  of  the  wastewater  for  irrigation  or 
eastside  reuse  might  not  be  practical  because  the  RO  process  is  not  effective  at 
removing  boron. 

The  RO  process  might  be  more  cost-effective  if  source  control  measures  are 
implemented  to  regulate  the  flow  of  drainwater.  CH2M  HILL's  9,000  acre-foot- 
per-year  conceptual  plant  (1986)  required  a  feed  reservoir  that  would  cover  120 
acres.  With  source  control,  the  size  and  cost  of  the  feed  reservoir  might  be 
significantly  reduced. 

EFFECTIVENESS 

Capacity 

Theoretically,  RO  could  be  used  to  treat  100  percent  of  the  drainwater  in  the  San 
Luis  Unit  (SLU).  There  might,  however,  be  a  practical  or  economic  limit  to  the 
capacity  of  RO  facilities.    These  limits  have  not  been  defined. 

RO  is  applicable  in  locations  where  drainwater  can  be  collected  efficiently.  The 
general  vicinity  of  the  cities  of  Mendota  and  Tranquillity  fulfill  this  criteria. 

Stage  of  Development 

Reverse  osmosis  is  an  available  technology.  The  CH2M  HILL  study  (1986) 
presented  a  conceptual  RO  facility  based  on  off-the-shelf  technology.  The  RO 
process  has  not  been  used  to  treat  agricultural  drainwater  from  the  SLU.  This 
type  of  application  might  pose  specific  problems  such  as  fouling  of  the  osmotic 
membrane  or  interference  from  other  trace  constituents. 
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Required  Study 

A  pilot  testing  facility  would  be  required  to  determine  the  feasibility  and 
economics  of  a  reverse  osmosis  drainwater  treatment  facility. 

EFFICIENCY 

Costs 

The  unit  cost  of  treating  drainwater  with  RO  depends  on  the  cost  of  the 
pretreatment  and  RO  systems,  land  cost,  and  operation  and  maintenance  costs. 
CH2M  HILL  (1986)  reported  that  the  amortized  cost  of  a  9,000  acre-foot-per-year 
facility  would  range  from  $0.65  to  $0.85  per  1,000  gallons  of  treated  water,  but 
that  the  operating  cost  would  be  $2.15  to  $2.19  per  1,000  gallons.  These  numbers 
show  that  the  operating  cost  would  be  significantly  greater  than  the  other  costs  of 
this  option. 

The  cost  of  CH2M  HILL's  9,000  acre-foot-per-year  conceptual  facility  (1986) 
ranged  from  $1,000  to  $1,200  per  acre-foot  per  year  of  drainwater  treated.  These 
costs  do  not  include  waste  disposal  ponds.  Also,  they  may  differ  significantly  for 
different  sized  facilities. 

Sensitivity 

The  cost  of  this  option  would  be  most  sensitive  to  the  performance  of  the  RO 
process  in  this  specific  application  because  energy  costs  are  a  significant  portion 
of  the  unit  cost  and  the  process  has  not  been  pilot  tested  under  actual  field 
conditions. 

This  option  may  also  be  sensitive  to  the  size  of  the  proposed  treatment  facility. 

ACCEPTABILITY 

Public  Acceptance 

No  adverse  public  reaction  to  this  option  is  anticipated. 

Institutional  Compatibility 

RO  appears  to  be  compatible  with  existing  institutions. 
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Environmental  Impacts  and  Other  Issues 

RO  is  an  energy-intensive  process.   Large-scale  facilities  could  add  substantially  to 
energy  demands. 

REFERENCES 

CH2M    HILL,    1986.       Reverse    Osmosis    Aerating    of    the    San    Luis    Drain, 
Conceptual  Level  Study.  ^ 
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Option  21 
SOLAR  ENERGY  PONDS 


SOLAR  ENERGY  PONDS 


DESCRIPTION 


This  treatment  option  uses  solar  energy  to  evaporate  drainwater  from  ponds  specially 
designed  to  generate  electricity.  Solar  energy  ponds  contain  a  layer  of  concentrated  brine 
overlain  by  a  layer  of  less  concentrated  water.  Solar  energy  absorbed  by  the  pond  bottom 
is  transferred  to  the  lower  saline  water  layer.  The  denser  saline  water  prevents  convection, 
and  a  thermal  gradient  develops  within  the  pond  with  the  loWer  level  much  hotter  than 
the  upper.    This  gradient  is  used  to  drive  a  turbine  generator. 

In  studies  conducted  at  Los  Banos,  California,  the  California  Department  of  Water 
Resources  succeeded  in  producing  a  stratified  pond  that  attained  temperatures  in  the 
heat  storage  zone  in  excess  of  175°F  and  generated  electricity  in  a  10-kilowatt  turbine 
generator  (SJVDP,  1989f).  Brine  in  the  pond  was  produced  from  salts  having  chemical 
characteristics  similar  to  those  of  concentrated  drainage  brine  (SJVDP,  1988b). 

The  advantage  of  solar  energy  ponds  over  standard  evaporation  ponds  is  that  revenue 
from  the  sale  of  electricity  can  be  used  to  defray  treatment  costs. 

COMPLETENESS 

Solar  energy  ponds  are  not  complete  in  that  the  saline  brine  or  precipitated  salts  must 
eventually  be  disposed.  Possible  disposal  methods  include  deep  well  injection  of  brine  or 
landfilling  of  salts. 

EFFECTIVENESS 

Capacity 

Solar  energy  ponds  are  applicable  under  the  same  conditions  as  evaporation  ponds 
(Option  15),  with  the  added  provision  that  the  generated  electricity  can  be  introduced  into 
an  electrical  distribution  system. 

Theoretically,  solar  energy  ponds  could  be  used  to  treat  100  percent  of  the  drainwater 
in  the  San  Luis  Unit  (SLU).  There  might,  however,  be  a  practical  or  economical  limit  to 
the  capacity  of  this  option.  This  limit  has  not  been  defined,  but  it  is  likely  that  the 
amount  of  land  needed  to  support  the  ponds  would  be  the  limiting  factor  (as  with 
standard  evaporation  ponds). 
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Stage  of  Development 

This  option  is  considered  to  be  at  the  testing  stage  of  development.  A  pilot  test  facility 
is  located  in  Los  Banos,  California  (SJVDP,  1988b). 

Required  Study 

To  further  characterize  this  option,  the  following  studies  should  be  conducted: 

•  Determination  of  treatment  capacity 

•  Economic  analysis  of  the  process  over  the  long  term 

•  Environmental  impacts  of  the  ponds 

Electrical  demand  and  the  feasibility  of  selling  small-scale  electric  power 

EFFICIENCY 

Costs 

Based  on  available  research,  the  SJVDP  (1988c)  has  estimated  that  solar  energy  ponds- 
would  cost  between  $250  and  $710  per  acre-foot  of  drainwater  evaporated.  These  costs 
are  considered  preliminary. 

The  unit  cost  of  this  option  depend  on  its  treatment  capacity,  construction,  operation, 
and  maintenance  costs,  land  cost,  and  the  benefit  of  selling  generated  electricity. 

Sensitivity 

The  cost  of  solar  energy  ponds  will  be  most  sensitive  to  the  benefit  from  the  electrical 
generation.  Unknown  aspects  of  this  benefit  are  the  market  for  electricity,  the 
effectiveness  of  the  generation  process,  and  its  operation  costs. 

ACCEPTABILITY 

Public  Acceptance 

Public  acceptance  of  limited  use  of  solar  energy  ponds  is  expected,  assuming  they  are 
implemented  in  compliance  with  regulatory  requirements. 
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Institutional  Compatibility 

Solar  energy  ponds  would  have  to  conform  to  the  same  regulatory  requirements  as 
standard  evaporation  ponds  (Option  15)  and  also  regulations  from  the  California  Energy 
Commission  (see  Thermal  Evaporation,  Option  20). 

Environmental  Impacts  and  Other  Issues 

Solar  energy  ponds  might  have  potentially  significant  impacts  Qn  wildlife  and  groundwater 
resources. 

REFERENCES 

San  Joaquin  Valley  Drainage  Program  (SJVDP),  1988b.  Agricultural  Drainage  Water 
Treatment,  Reuse,  and  Disposal  in  the  San  Joaquin  Valley  -  Part  II,  Reuse  and  Disposal. 

San  Joaquin  Valley  Drainage  Program  (SJVDP),  1988c.  Memorandum:  Cost  Estimates 
for  Nonconvective  Solar  Energy  Ponds  as  a  Method  of  Disposal/Reuse  of  Agricultural 
Drainage. 

San  Joaquin  Valley  Drainage  Program  (SJVDP),  1989f.  Preliminary  Planning  Alternatives 
for  Solving  Agricultural  Drainage  and  Drainage-Related  Problems  in  the  San  Joaquin 
Valley.    Draft:    August  1989. 
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